Using the Nikiforov Uvarov method, we obtained the eigenvalues and eigenfunctions of the Woods Saxon potential with the negative energy levels based on the mathematical approach. According to the Symmetric quantum mechanics, we exactly solved the time − independent Shcrödinger equation for the same potential. Results are obtained for the sstates.
Introduction
In the appearance of non-relativistic quantum mechanics, one usually chooses a real (Hermitian) potential to derive the real energy eigenvalues of the corresponding time − independent Schrödinger equation [1] . About six years ago, Bender and his co-workers and later others have studied several complex potentials on the -symmetric quantum mechanics. They showed that the energy eigenvalues of the Schrödinger equation are real [2, 3, 4, 5, 6, 7, 8] . Afterwards non Hermitian Hamiltonians with real or complex spectra have been studied by using numerical and analytical techniques [9, 10, 11] .
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Various different methods have been adopted for the solution of the above mentioned potential cases. Such as, one of these methods which makes it possible to present the theory of special functions by starting from a differential equation has been developed by Nikiforov and Uvarov Method(NU) [12] . This method is based on solving the time independent Schrödinger equation by reduction to a generalized equation of hypergeometric type.
In this work, the Schrödinger equation is solved by using the NU method to ensure the energy eigenvalues and eigenfunctions of bound state for real and complex form of the Woods Saxon potential. It is selected for a shell model for describing metallic clusters in a successful way and for lighting the central part of the interaction neutron with one heavy nucleus [13, 14] . − This paper is arranged as follows: In Sec. II we briefly review Nikiforov-Uvarov method. In Sec. III solution of the Schrödinger equation with Woods-Saxon potential is introduced first and later with PT-symmetric and non-PT-symmetric non-Hermitian forms of the q-deformed forms are obtained. In Sec. IV we discuss the results.
Nikiforov-Uvarov Method
NU method is based on the solution of a general second order linear differential equation with special orthogonal functions. So a non-relativistic Schrödinger equation can be solved by using this method. Thus, for a given real or complex potential, the Schrödinger equation in one dimension is reduced to a generalized equation of hypergeometric type with an appropriate coordinate transformation. Therefore it can be written in the following form, 
where n B is a normalizing constant and the weight function ρ must satisfy the condition in
Ref. [12] ( )
The function π and the parameter λ required for this method are defined as
and k
On the other hand, in order to find the value of , the expression under the square root must be square of polynomial. Thus, a new eigenvalue equation for the Schrödinger equation becomes
where
and it must have a negative derivative.
Woods Saxon Potential
− A basic problem in the nuclear physics is the motion of the free electrons which have a conclusive influence on the abundance of metallic clusters. These electrons are moving in well defined orbitals, around the central nucleus and in a mean field potential which is produced by the positively charged ions and the rest of the electrons. In the mean field potential, the details of the potential are described by free parameters such as depth, width and the slope of the potential, which have to be fitted to experimental observation. Therefore, a mean field potential is always empirical and its an example can be given as the Woods Saxon potential
where V is the potential depth, 0 0
R is the width of the potential and a its diffuseness and a is the surface thickness which is usually adjusted to the experimental values of ionization energies. Schrödinger equation in the spherical coordinates is
or the radial part of it takes the form
where the radial wave function ( ) r ψ is written as ( ) ( ) r R r r ψ = / and the conversions of
are done by inserting an arbitrary real constant q within the potential. In addition, here we assume that ( ) ( ) r r R ) ( 
which leads to the generalized of hypergeometric type given by Eq.(1): 
After the comparison of Eq. (14) with Eq. (1), we obtain the corresponding polynomials as 2 2 ( ) 1 ( ) 
It is clearly seen that the energy eigenvalues are found with a comparison of Eq. (7) 
After substituting the polynomials ( ) s π and ( ) s τ ′ and also k we get 
Thus the parameter ε takes the form
Substituting the values of ε and β from Eq. (13) 
Here, the index is non-negative integers with n 0 n ∞ > ≥ and the above equation indicates that we deal with a family of the standard Woods − Saxon potential. Of course it is clear that by imposing appropriate changes in the parameters a and V , the index describes the quantization of the bound states and the energy spectrum. It is illustrated in Fig.1 , the Woods Saxon potential given by Eq. (10) and 0 65 a fm = .
. 
with . Combining the Jacobi polynomials and (2), the s − state wave functions are found to be
where is a new normalization constant determined by 
PT symmetric and non-Hermitian Woods-Saxon case
We are now going to consider different forms of the standard Woods Saxon potential, namely at least one of the parameters is imaginary. For a special case, we take the potential parameters in Eq. (10) 
and called as non symmetric and also non PT − − Hermitian. According to Refs. [17, 18] , this type of the complex potential is a pseudo − Hermitian and its basic properties are studied intensively. Substituting Eq.(33) into Eq. (11) 
and after choosing the appropriate and k π , we can write τ as
Thus, the energy eigenvalues are reduced to the following form (10) but it has real plus imaginary energy spectra. Here, I α , is an arbitrary real parameter and − condition. However, the energy spectrum is not seen at the imaginary part of energy eigenvalues, since it is independent of . n
Conclusions
The exact solution of the radial schrödinger equation with the Woods-Saxon potential for the s-states. Nikiforov Uvarov method is used in the calculations after transforming Schrödinger equation into the hypergeometric type. Schrödinger equation is also solved for the complex potential case. The energy eigenvalues obtained for real case are compared with the ones for the complex case. According to the complex quantum mechanics [19] , the eigenvalues of the conversion 
−
When α and V parameters are purely complex, it is seen that the number of discrete levels for bound states is given only by the real part of energy eigenvalues. Therefore, if all the parameters of potential remain purely real, it is clear that all bound energies with represent a bound state energy spectrum. 0 68 a fm = .
. is an arbitrary parameter. q 
